changed biochemical environment in the rhizosphere, most notably modified pH or the presence of organic anions and proteins competing for adsorption sites. Changes in rhizosphere pH may also affect the adsorption reactions of phytase in soils. Phytase collected from the roots of plants expressing a phytase gene (phyA) from Aspergillus niger, was completely adsorbed in a range of soils at pH 4.5. In contrast, adsorption was decreased with increasing pH such that all remaining activity was recovered in solution at pH 7.5 (George et al. 2005a ). Partitioning of enzyme activity to the solution phase with increased pH is attributed to enthalpic forces causing greater electrostatic repulsion above the isoelectric point (pI) of the protein, which for the Aspergillus phytase was pH 4.8. Importantly, when adsorption characteristics of two phytases with different pI were compared in acidic soils, major distinctions were observed. Phytase with a relatively low pI (pH 3.6 from Peniophora lycii) remained in solution in a range of soils (pH 4.5 to 5.0), whereas phytase with a higher pI (pH 4.8; from Aspergillus niger) was totally adsorbed. Moreover, we have found that the phytase with low pI is approximately twice as effective in hydrolysing inositol phosphates in soil suspensions.
The biochemical characteristics of phytases produced by different organisms have obvious implications for their behaviour in soil environments and thus their efficacy for mineralization of inositol phosphates. Maintaining phytases in solution apparently enhance their ability to interact with immobilized substrates. Therefore, increasing pH in acidic soils could be a useful management tool for making phytase more effective in the soil environment. In fact, we have recently shown that the P nutrition of transgenic plants that exude phytase was greatest in soils at neutral pH, where the ability of inositol phosphates and phytases to interact would likely be optimized (George et al., 2005b) . Future work will concentrate on expressing genes in plants for the production of phytases with biochemical traits that effect their interaction with soil, such as low pI. This will allow better understanding of the factors that contribute to the biological availability of inositol phosphates in soil and potentially improve the ability of plants to acquire P from this source.
